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In the title compound, C23H20FNO4, the fluoro-substituted 
benzene ring is approximately perpendicular to the mean 
plane of the 4//-benzo[/2]chromene ring system [maximum 
deviation = 0.264 (1) A], with a dihedral angle of 83.79 (6)°. 
The pyran ring adopts a flattened boat conformation. The 
methoxy group is slightly twisted from the attached benzene 
ring of the 4i/-benzo[/i]chromene moiety [C— O— C— C = 
—2.1 (2)°]. An intramolecular N— H- ■ O hydrogen bond 
generates an S(6) ring motif. In the crystal, molecules are 
linked by N— H- ■ O and N— H- ■ F hydrogen bonds into a 
layer parallel to the be plane. The crystal packing also features 
C— H- ■ -71 interactions. 




Experimental 

Crystal data 

C23H20FNO4 
M, = 393.40 
Monoclinic, P2i/c 
a = 12.6844 (3) A 
fe = 16.1933 (4) A 
c = 9.4579 (2) A 
= 94.288 (2)° 

Data collection 

Bruker SMART APEXIl CCD 
area-detector diffractometer 

Absorption correction: multi-scan 
{SADABS; Bruker, 2009) 
T^„ = 0.556, r„„„ = 0.972 

Refinement 

R[F^ > 2a(F^)] = 0.039 

wR(F^) = 0.117 

S = 1.08 

3657 reflections 

273 parameters 



V = 1937.24 (8) A-' 
Z = 4 

Cu Ka radiation 
fj. = 0.82 mm"' 
r = 296 K 

0.81 X 0.74 X 0.04 mm 



13713 measured reflections 
3657 independent reflections 
3009 reflections with / > 2a(l) 
Rini = 0.034 



H atoms treated by a mixture of 
independent and constrained 
refinement 

Ap„„„ = 0.19 e A"^ 

Ap„i„ = -0.19 e A"' 



Table 1 

Hydrogen-bond geometry (A, °). 

Cgl, Cg2 and Cg3 are the centroids of C4-C6/C11-C13, C14-C19 and C6-C11 
rings, respectively. 



D-H - .4 



D-H 



H-A 



D- ■ A 



D-H-A 



Related literature 

For background to and apphcations of 4//-chromene and its 
derivatives, see: Jeso & Nicolaou (2009); Alvey et al. (2008, 
2009); Symeonidis et al. (2009); Briihlmann et al. (2001); 
Bedair et al. (2001); El-Agrody et al. (2002, 2011); Abd-El- 
Aziz et al. (2004); Sabry et al. (2011). For ring puckering 
parameters, see: Cremer & Pople (1975). For hydrogen-bond 
motifs, see: Bernstein et al. (1995). 



Nl- 


H2A'l- 


■03' 


0.89 (2) 


2.23 (2) 


3.0969 (19) 


165.8 (17) 


Nl- 


HIM- 


■03 


0.89 (2) 


2.111 (18) 


2.7570 (18) 


129.1 (16) 


Nl- 


HIM- 


■Fl" 


0.89 (2) 


2.32 (2) 


3.034 (2) 


137.6 (16) 


C8- 


H8A-- 


CgV" 


0.93 


2.81 


3.5633 (16) 


139 


ClO 


-B.WA 


■ CgT 


0.93 


2.94 


3.7003 (17) 


140 


C20 


-H20C 


■ cgr 


0.96 


2.74 


3.5896 (17) 


148 



Symmetry codes: (i) x, —y + ^, z — j; (ii) —x, _v — j, — z -t- 1; (iii) x. — y — |, z — |; (iv) 
-.v+l,-y+l,-z+l. 



Data collection: APEX2 (Bruker, 2009); cell refinement: SAINT 
(Bruker, 2009); data reduction: SAINT; program(s) used to solve 
structure: SHELXTL (Sheldrick, 2008); program(s) used to refine 
structure: SHELXTL; molecular graphics: SHELXTL; software used 
to prepare material for publication: SHELXTL and PLATON (Spek, 
2009). 
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Ethyl 2-amino-4-(4-fluorophenyl)-6-methoxy-4H-benzo[/i]chromene-3-carboxyl- 
ate 

Ahmed M. El-Agrody, Mohamed A. Al-Omar^ Abdel-Galil E. Amr^Tze Shyang Chia and Hoong- 
Kun Fun 

Comment 

The 47f-chromene nucleus is frequently found in bioactive compounds and plays an important role in biochemical 
processes (Jeso & Nicolaou, 2009; Alvey et al, 2008, 2009; Symeonidis et al, 2009). In addition, 477-chromenes and 
fused 4//-chromenes nuclei are used in treatment of Alzheimer's disease and Schizophrenia disorder (Briihlmann et al, 
2001). In view of the above observations and in continuation of our program on the chemistry of 4//-pyran derivatives 
(Bedair et al, 2001; El-Agrody et al, 2002, 201 1; Abd-El-Aziz et al, 2004; Sabry et al, 201 1), we report herem the 
crystal structure of the title compound. 

The asymmetric unit of the title compound is shown in Fig. 1. The fluoro-substituted benzene rmg (C14-C19) is 
approximately perpendicular to the 4//-benzo[/;]chromene ring system [01/C1-C13, maximum deviation = 0.264 (1) A 
at atom C2] as indicated by the dihedral angle of 83.79 (6)°. The pyran ring (01/C1-C5) adopts a flattened boat 
conformation [puckering parameters (Cremer & Pople, 1975), Q = 0.2599 (13) A, (9 = 79.3 (3)° and (p = 170.9 (3)°]. The 
atoms 01 and C3 are deviating from the mean plane of C1/C2/C4/C5 by 0. 1589 (18) and 0.2820 (21) A, respectively. The 
methoxy group (C20/O2) is slightly twisted from the attached benzene ring (C4-C6/C11-C13) of the AH- 
benzo[/!]chromene moiety with the torsion angle C20 — 02 — C12 — C13 of -2.1 (2)°. An intramolecular Nl — HlNl-03 
hydrogen bond generates an S(6) ring motif (Bernstein et al, 1995) in the molecule. 

In the crystal (Fig. 2), molecules are linked by intermolecular Nl — H2N1—03 and Nl — HlNl— Fl hydrogen bonds 
(Table 1) into a layer parallel to the be plane. The crystal packing is further stabilized by C — H -;r interactions (Table 1), 
involving Cgl, Cgl and Cgi which are the centroids of C4-C6/C11-C13, C14-C19 and C6-C11 rings, respectively. 

Experimental 

A solution of 4-methoxy- 1 -naphthol (0.01 mol) in EtOH (30 ml) was treated with ethyl a-cyano-/i-fluorocinnamate (0.01 
mol) and piperidine (0.5 ml). The reaction mixture was heated under reflux for 2 h. The obtained solid product was 
collected by filtration, dried and crystallized from ethanol to give the title compound. M.p.: 435^36 K. 

Refinement 

The atoms HlNl and H2N1 were located in a difference Fourier map and refined freely [N — H = 0.88 (2) and 0.89 (2) 
A]. The remaining H atoms were positioned geometrically (C — H = 0.93, 0.96, 0.97 and 0.98 A) and refined using a 
riding model with L'iso(H) = 1 .2 or 1 .5 ?/£,(€). A rotating group model was applied to the methyl groups. 
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Computing details 

Data collection: APEX2 (Bniker, 2009); cell refinement: SAINT {^rnksr, 2009); data reduction: SAINT (Bmksr, 2009); 
program(s) used to solve structure: SHELXTL (Sheldrick, 2008); program(s) used to refine structure: SHELXTL 
(Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 2008); software used to prepare material for publication: 
SHELXTL (Sheldrick, 2008) PLATON (S^sk, 2009). 




Figure 1 

The molecular structure of the title compound with atom labels and 30% probability displacement ellipsoids. 
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Figure 2 

A packing view of the title compound along the a axis. The dashed lines represent the hydrogen bonds. For clarity sake, 
hydrogen atoms not involved in hydrogen bonding have been omitted. 



Ethyl 2-amino-4-(4-fluorophenyl)-6-methoxy-4H- benzo[/i]chromene-3-carboxylate 



Crystal data 

C23H20FNO4 
M, = 393.40 
Monoclinic, P2\lc 
Hall symbol: -P 2ybc 
a = 12.6844 (3) A 
^= 16.1933 (4) A 
c = 9.4579 (2) A 
yff = 94.288 (2)° 
V= 1937.24 (8) A' 
Z = 4 

Data collection 

Bruker SMART APEXII CCD area-detector 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
(p and CO scans 



F(000) = 824 

Z),= 1.349 Mgm-3 

Cu Ka radiation, 1 = 1.54178 A 

Cell parameters from 3029 reflections 

(9 = 3.5-66.5° 

H = 0.82 mm ' 

r=296K 

Plate, colourless 

0.81 X 0.74 X 0.04 mm 



Absorption correction: multi-scan 

(SADABS; Bruker, 2009) 
r^.n = 0.556, 7^^ = 0.972 
13713 measured reflections 
3657 independent reflections 
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3009 reflections with / > 2(7(1) 
i?w = 0.034 

^max VO. 1 , ^min 3.5 

Refinement 

Refinement on P- 
Least-squares matrix: full 
R[F^ > laiF^)] = 0.039 
wR(F') = 0.m 

1.08 
3657 reflections 
273 parameters 
0 restraints 

Primary atom site location: structure-invariant 

direct methods 
Secondary atom site location: difference Fourier 

map 



;! = -i5^i5 

A:=-19^19 
/ = -ll^ll 



Hydrogen site location: inferred from 

neighbouring sites 
H atoms treated by a mixture of independent 

and constrained refinement 
w = \IW{F^) + (0.0641P)2 + 0.2106/'] 

where P = (i^o' + 2Fc2)/3 
(A/<t)„^< 0.001 
A/)„,ax = 0.19eA-3 
Ap^,„ = -0.19eA-3 

Extinction correction: SHELXTL (Sheldrick, 
2008), Fc=kFc[l+0.001xFc2/lVsin(26')]-"^ 
Extinction coefficient: 0.0059 (5) 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of P against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F^, 
conventional i?-factors R are based on F, with F set to zero for negative F^. The threshold expression ofF^> a(F^) is used 
only for calculating i?-factors(gt) etc. and is not relevant to the choice of reflections for reflnement. /{-factors based on F^ 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 





X 


y 


z 


IJ- *IU 


Fl 


0.04716(11) 


0.70219 (9) 


0.55146 (16) 


0.1144(5) 


01 


0.28914 (8) 


0.30595 (6) 


0.72092 (10) 


0.0487 (3) 


02 


0.63332 (8) 


0.50557 (7) 


0.64293 (13) 


0.0584 (3) 


03 


0.10800 (9) 


0.34723 (7) 


1.07127 (11) 


0.0559 (3) 


04 


0.16230 (8) 


0.47933 (6) 


1.06692 (10) 


0.0516(3) 


Nl 


0.16357(11) 


0.25396 (8) 


0.84457 (17) 


0.0554 (3) 


CI 


0.22572 (10) 


0.31944 (8) 


0.82843 (14) 


0.0429 (3) 


C2 


0.22913 (10) 


0.39123 (8) 


0.90464 (13) 


0.0416(3) 


C3 


0.29340 (10) 


0.46421 (8) 


0.85933 (14) 


0.0413 (3) 


H3A 


0.3264 


0.4904 


0.9450 


0.050* 


C4 


0.38041 (10) 


0.43437 (8) 


0.77125 (13) 


0.0408 (3) 


C5 


0.37413 (10) 


0.35926 (8) 


0.70758 (14) 


0.0404 (3) 


C6 


0.45447 (10) 


0.32854 (8) 


0.62507 (13) 


0.0405 (3) 


C7 


0.45043 (11) 


0.24931 (9) 


0.56213 (14) 


0.0461 (3) 


H7A 


0.3928 


0.2151 


0.5737 


0.055* 


C8 


0.53032 (12) 


0.22258 (9) 


0.48457 (16) 


0.0525 (4) 


H8A 


0.5274 


0.1699 


0.4453 


0.063* 


C9 


0.61650 (13) 


0.27393 (10) 


0.46379 (17) 


0.0576 (4) 


H9A 


0.6700 


0.2555 


0.4095 


0.069* 


CIO 


0.62263 (11) 


0.35095 (10) 


0.52281 (17) 


0.0524 (4) 


HlOA 


0.6801 


0.3846 


0.5080 


0.063* 
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0.081^ 
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C19 
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O.ZDDZ 
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A ATC* 
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H20A 


A T A AT 

0.7007 


0.6141 


0.6667 


A AO rfs 

0.086* 




HzUB 


0.6474 


0.5836 


A OA 1 ^ 

0.8016 


A AO/T* 

0.086* 






0.5 / /4 


0.6168 


0.6 /Oz 


A A0^4: 
O.O06* 




C21 


0.16104 (11) 


A /lAAA'l /A\ 

0.40092 (9) 


1 A1A11 /1/1\ 

1.01911 (14) 


A r\ A A'^ /T\ 

0.0442 (3) 




C22 


A A A 1 jfTA /I C\ 

0.09169 (15) 


0.49981 (11) 


1.17445 (17) 


A Ay'lA I' A\ 

0.0610 (4) 




H2zA 


A 1 1 /I C 

0.1145 


0.4732 


1.2635 


A ATJ * 

0.073* 




HzzC 


0.0203 


0.461 6 


1 1 yICO 

1.1456 


A ATI * 

0.0/3* 








x) .Jy i J 1 l^iZJ 


1 1 Qoi Q (^ (x\ 

i . lyyj ly \^y) 


w.vj / jy J 




H23A 


0.0444 


0.6088 


1.2541 


0.114* 




H23D 


0.0797 


0.6169 


1.0993 


0.114* 




H23C 


0.1648 


0.6080 


1.2273 


0.114* 




H2N1 


0.1556 (15) 


0.2184(12) 


0.773 (2) 


0.068 (5)* 




HlNl 


0.1147(16) 


0.2602(11) 


0.906 (2) 


0.072 (6)* 




Atomic displacement parameters (A^) 




[yll JJ22 








jja 


Fl 


0.1074(10) 0.1103 (10) 0.1298(11) 


0.0645 (8) 


0.0372 (8) 


0.0582 (9) 


01 


0.0469 (5) 0.0443 (5) 


0.0570 (6) 


-0.0104 (4) 


0.0167 (4) 


-0.0092 (4) 


02 


0.0475 (6) 0.0507 (6) 


0.0788 (7) 


-0.0143 (5) 


0.0166 (5) 


-0.0054 (5) 


03 


0.0612 (6) 0.0524 (6) 


0.0566 (6) 


-0.0015 (5) 


0.0200 (5) 


0.0075 (5) 


04 


0.0598 (6) 0.0483 (6) 


0.0486 (5) 


0.0028 (5) 


0.0162 (4) 


-0.0032 (4) 


Nl 


0.0545 (7) 0.0450 (7) 


0.0694 (8) 


-0.0103 (6) 


0.0231 (6) 


-0.0064 (6) 


CI 


0.0402 (7) 0.0416 (7) 


0.0478 (7) 


-0.0003 (6) 


0.0087 (5) 


0.0035 (6) 


C2 


0.0423 (7) 0.0396 (7) 


0.0434 (7) 


0.0014(5) 


0.0067 (5) 


0.0027 (5) 


C3 


0.0433 (7) 0.0377 (7) 


0.0434 (7) 


-0.0023 (5) 


0.0058 (5) 


-0.0030 (5) 


C4 


0.0392 (6) 0.0393 (7) 


0.0441 (7) 


-0.0001 (5) 


0.0048 (5) 


0.0020 (5) 


C5 


0.0372(6) 0.0391 (7) 


0.0454 (7) 


-0.0051 (5) 


0.0064 (5) 


0.0029 (5) 


C6 


0.0416(7) 0.0389 (7) 


0.0411 (6) 


0.0001 (5) 


0.0039 (5) 


0.0025 (5) 


C7 


0.0495 (8) 0.0424 (7) 


0.0469 (7) 


-0.0050 (6) 


0.0066 (6) 


-0.0001 (6) 


C8 


0.0584 (9) 0.0456 (8) 


0.0543 (8) 


0.0028 (7) 


0.0090 (7) 


-0.0080 (6) 


C9 


0.0524 (8) 0.0589 (9) 


0.0635 (9) 


0.0049 (7) 


0.0184 (7) 


-0.0057 (7) 


CIO 


0.0439 (7) 0.0524 (9) 


0.0623 (9) 


-0.0034 (6) 


0.0129 (6) 


-0.0003 (7) 


Cll 


0.0404 (7) 0.0426 (7) 


0.0448 (7) 


-0.0016 (6) 


0.0054 (5) 


0.0022 (5) 


C12 


0.0386 (7) 0.0424 (7) 


0.0518 (7) 


-0.0062 (6) 


0.0044 (6) 


0.0035 (6) 
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CI J 


U.U445 (/j 


U.Uj /U ( 1) 


U.UDUb ( 1) 


— U.UUjd (0) 


A AAn i ^\ 

U.UUj / (d^ 


A AA1 

— U.UUlD (5) 


r^'i A 
Ci4 


U.(J4j4 (/J 


A A'5 TA /■'7\ 

O.OJ /v ( /) 


A AC 1 c in\ 

O.OdIj (/) 


A AA1 A i £i\ 

—0.0014 (6) 


0.014/ (6) 


A AA1 C /'C\ 

O.OOzD (D) 




U. 1)334 (o) 


0.045 / (5) 


0.0360 (6) 


A A A 1 A in\ 

o.ooiy (/) 


A AA^A in\ 

o.oo6y (/) 


O.OOM (0) 


1 

Clo 


U.U30 / (y) 


A AOAA /I 

o.oooy (13) 


0.0o44 (1(J) 


o.ooo4 (y) 


A A1 A1 /0\ 

0.0101 (8) 


A A'> 1 O /'A\ 

0.0218 (9) 


CI / 


U.Uo4z (lUj 


A ATI O /'I 0\ 

U.U / Iz (^Iz ^ 


U.Uooo (Ijj 


A ATQI 

U.UzoJ (y) 


A Ai ^ ^ ^^ A\ 
U.UjiD (iU^ 


A AT0 1 /I r\\ 
U.UjzI (lU) 




A 1 A 1 1 /C\ 

(J.iUiO (io) 


A A /I /I A /I A\ 

0.U44U (10) 


A 1 AO 1 /I C\ 

O.lOzl (Id) 


A AT T A /I A\ 

O.Ozzy (ID) 


A AIA^ /I 'J\ 

0.03y6 (13) 


A A 1 A 1 /'A\ 

0.0101 (y) 


C19 


0.0748(11) 


0.0420 (8) 


0.0715 (10) 


0.0022 (7) 


0.0179 (8) 


-0.0034 (7) 


C20 


0.0520 (8) 


0.0460 (8) 


0.0738 (10) 


-0.0141 (7) 


0.0003 (7) 


0.0007 (7) 


C21 


0.0447 (7) 


0.0446 (8) 


0.0433 (7) 


0.0037 (6) 


0.0043 (6) 


0.0054 (6) 


C22 


0.0720(10) 


0.0627 (10) 


0.0506 (8) 


0.0126 (8) 


0.0203 (7) 


-0.0010(7) 


C23 


0.1027(15) 


0.0662(11) 


0.0607 (10) 


0.0248 (10) 


0.0188 (9) 


-0.0052 (8) 



Geometric parameters (A, °) 



Fl— C17 


1.364 (2) 


C9— CIO 


1.366 (2) 


Ol— CI 


1.3606 (16) 


C9— H9A 


0.9300 


Ol— C5 


1.3942 (15) 


CIO— Cll 


1.4106(19) 


02— C12 


1.3619(16) 


CIO— HlOA 


0.9300 


02— C20 


1.4188(18) 


Cll— C12 


1.4346 (19) 


03— C21 


1.2254(17) 


C12— C13 


1.3615 (19) 


04— C21 


1.3475 (17) 


C13— H13A 


0.9300 


04 — C22 


1.4432 (17) 


C14 — C19 


1.383 (2) 


Nl— CI 


1.3367 (18) 


C14— C15 


1.383 (2) 


Nl— H2N1 


0.89 (2) 


C15— C16 


1.382 (2) 


Nl— HlNl 


0.88 (2) 


C15— H15A 


0.9300 


CI— C2 


1.3668 (19) 


C16— C17 


1.357 (3) 


C2— C21 


1.4431 (18) 


C16— H16A 


0.9300 


C2— C3 


1.5156(18) 


C17— C18 


1.358 (3) 


C3— C4 


1.5109(18) 


C18— C19 


1.385 (3) 


C3— C14 


1.5236 (19) 


C18— H18A 


0.9300 


C3— H3A 


0.9800 


C19— H19A 


0.9300 


C4— C5 


1.3568 (19) 


C20— H20A 


0.9600 


C4— C13 


1.4173 (18) 


C20— H20B 


0.9600 


C5— C6 


1.4191 (18) 


C20— H20C 


0.9600 


C6— C7 


1.4137(18) 


C22— C23 


1.494 (2) 


C6— Cll 


1.4151 (18) 


C22— H22A 


0.9700 


C7— C8 


1.365 (2) 


C22— H22C 


0.9700 


C7— H7A 


0.9300 


C23— H23A 


0.9600 


C8— C9 


1.399(2) 


C23— H23D 


0.9600 


C8— H8A 


0.9300 


C23— H23C 


0.9600 


CI— Ol— C5 


118.20(10) 


02— CI 2— Cll 


114.43 (12) 


C12— 02— C20 


117.07(12) 


C12— C13— C4 


120.84 (13) 


C21— 04— C22 


117.42(12) 


C12— C13— H13A 


119.6 


CI— Nl— H2N1 


117.5 (12) 


C4— C13— H13A 


119.6 


CI— Nl— HlNl 


115.7(13) 


C19— C14— C15 


118.37(14) 


H2N1— Nl— HlNl 


121.7(17) 


C19— C14— C3 


121.43 (14) 


Nl— CI— 01 


110.17(12) 


C15— C14— C3 


120.20(13) 


Nl— CI— C2 


127.59 (13) 


C16— C15— C14 


120.71 (16) 


01— CI— C2 


122.24 (12) 


C16— C15— H15A 


119.6 



Acta Cryst. (2012). E68, o1803-o1804 



sup-6 



supplementary materials 



CI — Cz — Lzl 


119.41 (Iz) 


^ A TT1CA 

C14 — C15 — HI 5 A 


1 1 A 

119.6 


CI — C2 — C3 


120.70 (11) 


C17 — C16 — C15 


110 AT / 1 0\ 

118.97 (18) 


C21 — C2 — C3 


119.47 (12) 


C17 — C16 — ^H16A 


1 OA C 

120.5 


C4 — C3 — C2 


1 Art ^A /I 1 \ 

109.69 (11) 


/"lie /"IIZ" TTI^A 

C15 — C16 — H16A 


1 OA C 

120.5 


C4 — C3 — L14 


11A Af\ /'IIX 

110.40 (11) 


C16 — C17 — C18 


1 00 A A { £.\ 

(16) 


C2 — C3 — C14 


112.54 (11) 


C16 — C17 — rl 


i 1 0 £^ /OX 

118.6 (2) 


C4 — C3 — H3A 


1 AO A 

108.0 


C18 — C17 — Fl 


110 AO /I A\ 

118.98 (19) 


TTO A 

C2 — C3 — H3A 


108.0 


C17 — C18 — C19 


110 /I 0 / 1 TX 

118.42 (17) 


C 14 — C3 — Hj A 


1 AO A 

108.0 


/^1T /^10 TT10A 

C 1 7 — C 1 8 — H 1 8 A 


1 OA 0 

120.8 


C5 — C4 — CI 3 


11A 1/1 

119.14 (12) 


■> i /-V ' -JO T T 1 O A 

C19 — C18 — H18A 


120.8 


C5 — C4 — C3 


1 '^A Z'A /I 

120.69 (12) 


C14 — C19 — C18 


101 AA /I 0\ 

121.09 (18) 


C13 — C4 — C3 


1 OA 1 /I 

IzO.lo (12) 


A C\ TT1AA 

C14 — C19 — H19A 


1 1 A C 

119.5 


C4 — C5 — Ol 


122.35 (11) 


/~^10 /^1A TT1AA 

C18 — Cly — HlyA 


1 1 A C 

119.5 


C4 — C5 — Co 


122.52 (12) 


/~\0 /~^OA TTOA A 

02 — C20 — ^H20A 


1 AA C 

109.5 


Ol — C5 — C6 


lie 1'^ /ii\ 

115.12 (11) 


/~\0 /^OA TTOAr~> 

02 — C20 — H20B 


109.5 


C7 — Co — Cll 


IIOAO /I'lX 

118.93 (12) 


TTOA A /\ TTOAT^ 

H20A — C20 — H20B 


109.5 


r^n f^£, r^c 
C / — Co — CD 


123.01 (12) 


(J2 — C20 — H20C 


1 AA C 

109.5 


Cll — Co — C5 


1 1 O AZ" /I 

118.06 (12) 


H20A — C20 — H20C 


1 AA C 

109.5 


C8 — C7 — C6 


120.59 (13) 


H20B — C20 — H20C 


109.5 


C8 — C7 — H7A 


1 1 A T 

119.7 


03 — C21 — 04 


101 TO / 1 0\ 

121.78 (12) 


r^n XT'? A 

Co — C7 — ^H7A 


1 1 A T 

119.7 


03 — C21 — C2 


127.02 (13) 


t~^'1 f^O f^C\ 

CI — C8 — C9 


120.42 (14) 


04 — C21 — C2 


111 1 A /1 0\ 

111.19 (12) 


/~"0 TTO A 

C7 — Co — H8A 


119.8 


04 — C22 — C23 


lA/' 1 Z' /I /l\ 

106.36 (14) 


r^c\ r^o TTO A 

C9 — C8 — H8A 


1 1 A O 

119.8 


f^A /^Tl TTOO A 

U4 — C22 — H22A 


1 1 A C 

110.5 


CIO — C9 — Co 


120.42 (14) 


/~^00 TTOO A 

C23 — C22 — H22A 


1 1 A C 

110.5 


1 r\ f ' c\ T Tr\ A 

CIO — C9 — H9A 


119.8 


04 — C22 — H22C 


110.5 


O /" (\ TTr\ A 

C8 — C9 — H9A 


119.8 


o o T TOO /' 

C23 — C22 — H22C 


110.5 


C9 — CIO — Cll 


10A ^ZT /1 /l\ 

120.66 (14) 


H2zA — C22 — H22C 


1 AO 

108.6 


r^C\ 1 A TT1 A A 

C9 — CIO — HlOA 


1 1 A T 

119.7 


f^^^ TT'^'i A 

C22 — C23 — H23A 


1 AA C 

109.5 


Cll— CIO— HlOA 


119.7 


C22— C23— H23D 


109.5 


CIO— Cll— C6 


118.95 (13) 


H23A— C23— H23D 


109.5 


ClU — Cll — C12 


122.14 (13) 


/~lOO /~^0'> TTO 'J/"* 

C22 — C23 — H23C 


1 AA C 

109.5 


Co — Cll — C12 


1 1 o nA /I o\ 
llo.yO (12) 


1123 A — C23 — 1123C 


109.5 


C13 — C12 — 02 


I'^C AO /ION 

125.08 (13) 


TTOOT^ /"^OO TTOO/"^ 

H23D — C23 — H23C 


1 AA e 

109.5 


/^ll /^l'^ 

Cii — Clz — Cll 


1 OA /I A /I 1\ 

120.49 (12) 






C5 — Ol — CI — Nl 


-166.73 (12) 


C7 — Co — C 1 1 — C 1 2 


1 TA /I / 1 0 

— 179.64 (12 


C5 — U 1 — C 1 — Cz 


11 TO /I A\ 

13.33 (19) 


c r^n /^ii /^io 

C5 — C6 — Cll — C12 


A AO / 1 A\ 

0.08 (19) 


N 1 — C 1 — Cz — Cz 1 


1.2 (2) 


/^O A /^O 1 0 1 T 

C20 — (J2 — C 1 2 — C 1 3 


0 1 /o\ 

-2.1 (2) 


U 1 — C 1 — Cz — Cz 1 


1 TO O C /I 0\ 

—178,85 (12) 


/~<0 A /~\0 1 0 1 1 

C20 — (J2 — C 1 2 — C 1 1 


1 TT A>l /I 0\ 

177.94 (12) 


XT1 r~^'~\ r^i 

N 1 — CI — Cz — Ci 


ITI ^ C /"I A\ 

—171.35 (14) 


CIO — C 1 1 — C 12 — C 1 3 


1 TA AO /I T 

-179.08 (13 


Ol — CI — C2 — C3 


O £ /OA 

8.6 (2) 


r^iL /~^io /"^i"? 

C6 — C 1 1 — C 1 2 — C 1 3 


1 T /0\ 

1.7 (2) 


C 1 — C2 — C3 — C4 


O /I AZT /I T\ 

—24.06 (17) 


^1A /"v^ 

CIO — Cll — C12 — 02 


A A /0\ 

0.9 (2) 


Cz i — Cz — C J — C4 


163.38 (11) 


C 6 — C 11 — C i z — Oz 


— 1 /0.3 1 (Iz 


CI— C2— C3— C14 


99.26 (15) 


02— CI 2— CI 3— C4 


178.23 (13) 


C21— C2— C3— C14 


-73.30 (15) 


Cll— CI 2— CI 3— C4 


-1.8 (2) 


C2— C3— C4— C5 


20.10(17) 


C5— C4— C13— C12 


0.0 (2) 


C14— C3— C4— C5 


-104.48(14) 


C3— C4— C13— C12 


-178.74 (12 


C2— C3— C4— C13 


-161.16(12) 


C4— C3— C14— C19 


-117.90(14 
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C 1 4 — C3 — L4 — C 1 i 


74.27 (15) 


C2 — C3 — C 1 4 — C 1 y 




11A ^ n / ^ A\ 

119.17 (14) 


1 1 /"^ /I /^c r\'\ 

C 1 3 — C4 — C5 — 0 1 


—179.49 (12) 


C4 — C3 — C 1 4 — C 1 5 




61.86 (16) 


/"^^ /^yl 

C3 — C.4 — C5 — 0 1 


-0.7 (2) 


C2 — C3 — C 1 4 — C 1 5 




^1 A^ /I ^\ 

—61.06 (16) 


C 1 3 — L4 — C5 — Co 


1.8 (2) 


C19 — C14 — C15 — C16 




0.5 (2) 


/"''J /"'/I /^C /^zT 

L3 — C4 — C5 — Co 


1 TA A 1 /'I 

—179.41 (12) 


C3 — C 1 4 — C 1 5 — C 1 6 




1 TA -^A /1 '>\ 

—179.29 (13) 


C 1 — 0 1 — C5 — C4 


—17.49 (19) 


C14 — C15 — C16 — C17 




A A /'^\ 

0.0 (2) 


r\-\ r^c 

CI — Ol — C5 — Co 


161.27 (11) 


C15 — CI 6 — C17 — Clo 




-0.7 (3) 


C4 — C5 — Co — C7 


177.85 (12) 


C15 — Clo — C17 — r 1 




1 no A 1 /I c\ 

178.41 (15) 


^\^ r^z r^/n (~^n 
Ui — CD — Co C / 


— U.yi (lo) 


Clo — CI / — Clo — ciy 




0.0 (3) 


C4 — C5 — Co — C 1 1 


-1.9(2) 


TTI /~^10 /^1A 

1" 1 — C17 — C18 — C19 




—178.22 (16) 


^1 r^c e~^-\ i 

Ol — C5 — Co — Cll 


179.37 (11) 


C15 — C14 — C19 — C18 




A O /0\ 

-0.3 (2) 


Cll — Co — C7 — Co 


0.2 (2) 


C3 — C 1 4 — C 1 9 — C 1 8 




1 TA /I T / 1 C\ 

179.47 (15) 


r^z r^£. r^n r^o 
CD — Co — C / — Co 


1 TA CO /l 1\ 

—1 /y.jz (13) 


/^lO /^in /^lyl 

Ci / — Clo — Ci9 — C14 




-0.4 (3) 


r^n e~^o r^[\ 

Co — C7 — Co — C9 


-1.3 (2) 


C22 — U4 — C2 1 — U3 




C O /ON 

-5.2 (2) 


ci PS PQ Pin 


1 1 fi^ 

i.i (Z) 


P99 nzL P91 P9 




1 75 45 n 9^ 
1 / J.^ J \IZ) 


C8— C9— CIO— Cll 


0.3 (2) 


CI— C2— C21— 03 




10.6 (2) 


C9— CIO— Cll— C6 


-1.3 (2) 


C3— C2— C21— 03 




-176.74(13) 


C9— CIO— Cll— C12 


179.44 (14) 


CI— C2— C21— 04 




-170.03 (12) 


C7— C6— Cll— CIO 


1.11 (19) 


C3— C2— C21— 04 




2.62(17) 


C5— C6— Cll— CIO 


-179.17(12) 


C21— 04— C22— C23 




-170.70 (14) 


Hydrogen-bond geometry (A, ") 










Cgl, Cg2 and Cgi are the centroids of C4-C6/C11-C13, C14-C19 and C6-C11 rings, respectively. 






Z>— H-v4 


D—H 


U-A 


D-A 


D H- 


Nl— H2M - -03' 


0.89 (2) 


2.23 (2) 


fl060 ^"1 0"> 


1 65 8 CI 7^ 


Nl— H1M--03 


0.89 (2) 


2.111 (18) 


7 7570 n S"! 


199 1 (^16^ 


Nl— HIM-Fl" 


0.89 (2) 


2.32 (2) 


3.034 (2) 


137.6(16) 


C8— HS^-Cgl'" 


0.93 


2.81 


3.5633 (16) 


139 


CIO— H10^-Cg2" 


0.93 


2.94 


3.7003 (17) 


140 


C20— H20C-Cg3'' 


0.96 


2.74 


3.5896(17) 


148 


Symmetry codes: (i) x, -y+l/l, z-1/2; (ii) ■ 


-x,y-V2, -z+3/2; (iii)x, -y-V2, 


z-3/2; (iv) -yfl, -z+1. 
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